A ngiogenesis and vasculogenesis determine the generation of blood vessels during development and in the adult. In general, angiogenesis involves growth of existing endothelial cells (ECs), whereas vasculogenesis comprises the de novo formation of blood vessels. The analysis of EC biology is of utmost importance to delineate pro-or antiangiogenic signaling cascades triggered by a variety of growth factors in health and disease. Prominent angiogenic factors include the vascular endothelial growth factor (VEGF) and the basic fibroblast growth factor (bFGF), which activate downstream mediators in a highly dynamic process. 1, 2 Endothelial migration and proliferation enhance the generation of primary capillaries that may undergo remodeling by sprouting, branching, or intussusception. 3 In line with this, loss of VEGF in mice is embryonically lethal because of enhanced EC apoptosis and hemorrhage, thus emphasizing the essential role for EC survival. 4, 5 Enhanced angiogenesis is the major cause of tumor progression defining an angiogenic switch. 6 Of note, stimulation of angiogenesis is favorable in ischemic diseases such as myocardial infarction, thus presenting strategies to sustain cardiac vascularization and function. 7 Hypoxia-driven angiogenesis mainly relies on VEGF induction by stabilization of the transcription factor hypoxia-inducible factor-1␣. 8 Besides such classical genomic regulation, posttranscriptional regulation via microRNAs (miRNA, miR) has been reported both in physiological and pathological conditions. 9 -11 Mechanistically, miRNAs repress a set of target genes (miRNA targetome) at the same time and thus have an impact on whole cellular gene networks. 12 Complementary base pairing between nucleotides 2 to 8 (the seed sequence) of the miRNA and the respective sequences in the target gene's 3Ј-untranslated region (UTR) mediate either mRNA degradation or translational inhibition. 13, 14 Indeed, miRNAs are also capable to control angiogenic signaling and especially EC biology. 15 
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In this issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Chamorro-Jorganes et al 16 report that the endothelial miR-16 and miR-424 critically regulate the expression of the proangiogenic factor VEGF, as well as the angiogenic receptors VEGF receptor-2 (VEGFR2) and fibroblast growth factor receptor-1 (FGFR1). The interference of respective signaling cascades inhibits EC migration and proliferation in vitro and in vivo, consequently altering essential EC characteristics. Because of the putative role of miR-15, -16, and -424 in cancer biology, 17, 18 these miRNAs came into focus to analyze EC-intrinsic functional aspects. Another important hallmark of the chosen miRNAs is their common and identical seed sequence, implicating a similar miRNA targetome. Thus, the set of miRNAs is referred to as miR-16-like miRNAs. Bioinformatic analysis applying different miRNA target prediction databases revealed the presence of target genes with well-known functions in proliferation, cell cycle progression, and apoptosis. Next, further in depth-analysis showed that the majority of relevant effectors are characterized by a proangiogenic function. This initial screening approach pointed to an important regulatory function of miR-16-like miRNAs toward the expression of VEGFR2, FGFR1, and VEGF. Both miR-16 and miR-424 are expressed in ECs but at a negligible level in the fast-proliferating HeLa tumor cell line. To narrow down direct miRNA binding to the 3Ј-UTR of VEGFR2, FGFR1, and VEGF, luciferase reporter gene assays were performed. The respective miRNAs repressed luciferase activity in wild-type conditions, whereas the effects disappeared in mutated 3Ј-UTR, clearly validating bona fide miRNA targets. In line with this, protein levels of VEGFR2, FGFR1, and VEGF dropped down in miRNAoverexpressing ECs, whereas endogenous miRNA knockdown induced expression levels. Interestingly, VEGF and bFGF themselves induced expression level of mature miR-16/-424, whereas the effects on precursor pri-miRNA were different. This in turn led to miRNA binding to VEGFR2 and FGFR1 3Ј-UTR and was absent in miR-16/-424-depleted ECs before growth factor stimulation. Mimicking elevated miRNA expression in vitro impaired EC proliferation, migration, and tube formation. Importantly, these defects were also present under stimulatory conditions (VEGF, bFGF), highlighting miRNA targeting of proangiogenic receptors. At least for EC migration, miRNA-induced defects were rescued via miRNA target overexpression lacking a full miRNAsensitive 3Ј-UTR. Mechanistically, cellular survival pathways (extracellular signal regulated kinase and Akt) were involved in the antiangiogenic functions of miR-16/-424, concomitantly reflecting the alteration of VEGFR2 and FGFR1 expression. Translating these findings into an in vivo approach, human ECs were lentivirally transduced with miR-16. Modulated cells were embedded into a matrix and transplanted to monitor engraftment and neovascularization capacity in immunodeficient mice. Capillary density was respectively analyzed after 14 and 21 days. Mimicking the in vitro scenario, elevated miR-16 levels impaired EC function and thus significantly decreased capillary (microvessel) density. Antiangiogenic characteristics of miR-16 are demon-strated by this finding in vivo; it is believed that other chosen miRNAs sharing the same seed sequence also have these characteristics. Collectively, the current study specifies a novel role of miR-16-like miRNAs in angiogenic signaling. These findings will be helpful in developing innovative miRNA-based therapeutics (eg, miRNA mimics) in vascular disease, especially in the field of cancer therapy to inhibit vascular growth. For treatment of ischemic disease, other miRNA-based therapeutic interventions might also be relevant. 19 Accordingly, some open issues remain. The miR-16-like miRNAs are encoded at different genomic loci, and this work does not investigate their specific transcriptional control. Indeed, deciphering transcription control is complex, but further knowledge would expand the proposed angiogenic mechanism (see Figure) . Furthermore, the study does not take into account that cellular signal transduction is somehow different for bFGF and VEGF. In general, primary capillaries induced either by bFGF or VEGF demonstrate morphological differences, suggesting different roles for these 2 angiogenic factors. 20 Despite these limitations, the study by ChamorroJorganes et al 16 offers a new and exciting mechanistic insight into cell-autonomous angiogenic signaling pathways mediated by miRNAs. ) and is depicted in the plotted mechanistic scheme. The proangiogenic factor VEGF induces expression level of mature miR-16/-424. This in turn leads to repression of receptor tyrosine kinases vascular endothelial growth factor receptor-2 (VEGFR2) and fibroblast growth factor receptor-1 (FGFR1), subsequently interfering with downstream survival signaling cascades. In addition, vascular endothelial growth factor (VEGF) itself is targeted by miR-16/-424. In summary, endothelial cell function is impaired, and angiogenic capacity decreases.
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